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Description
Technical Field

[0001] The present intention relates to an engine con-
trol method and a vehicle traveling control device.

Background Art

[0002] PTL 1, PLT 2 or PLT3 discloses a device for
controlling a vehicle, which device, when a stop condition
is satisfied during traveling, starts inertial traveling during
which the vehicle travels with its engine kept stopped,
and when a condition to restart the engine is satisfied,
restarts the engine with the aid of a starter device.

Citation List
Patent Literature

[0003] PTL 1: JP-A-2015-68413 ; PLT 2: DE 11 2012
003475 T5; PLT 3: DE 10 2014 104614 A1.

Summary of Invention
Technical Problem

[0004] The rotation of engines does not immediately
stop even after the start of inertial traveling, and the en-
gines rotate inertially. When a condition to stop inertial
traveling is satisfied during this inertial rotation, a noise
generated by the engine cranked during the inertial ro-
tation may give the driver a discomfort feeling.

[0005] An object of the present invention is to provide
an engine control method and a vehicle traveling control
device which can prevent a noise caused by the cranking
of an engine during its inertial rotation from giving a driver
a discomfort feeling when a condition to stop inertial
traveling is satisfied during the inertial rotation.

Solution to Problem

[0006] An engine control method and a vehicle
traveling control device according to the invention are
defined in the appended claims. Such a method includes:
determining an intention of a driver for acceleration dur-
ing vehicle traveling; stopping fuel supply to an engine
when it is determined that the driver does not have the
intention for acceleration; permitting restart of the engine
when it is determined that the driver has the intention for
acceleration after stopping the fuel supply to the engine;
prohibiting the restart of the engine until an engine rota-
tional speed drops to or below a predetermined rotational
speed threshold, even when the restart of the engine is
permitted; and restarting the engine after the engine ro-
tational speed drops to or below the predetermined ro-
tational speed threshold.
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Brief Description of Drawings
[0007]

FIG. 1 is a schematic configuration diagram of a ve-
hicle equipped with a vehicle traveling control device
according to first embodiment;

FIG. 2 is a functional configuration diagram of the
vehicle traveling control device according to first em-
bodiment;

FIG. 3 is a flowchart explaining a first processing
example by the vehicle traveling control device;
FIG. 4 is a functional configuration diagram of a ve-
hicle traveling control device according to second
embodiment;

FIGS. 5A and 5B are explanatory drawings of a first
setting example of a rotational speed threshold;
FIG. 6 is a flowchart explaining a second processing
example by the vehicle traveling control device;
FIGS. 7A to 7D are time charts explaining a first op-
eration example of the vehicle traveling control de-
vice;

FIGS. 8A to 8D are time charts explaining a second
operation example of the vehicle traveling control
device;

FIG. 9 is a schematic configuration diagram of a ve-
hicle equipped with a vehicle traveling control device
according to a modification example;

FIG. 10 is a functional configuration diagram of a
vehicle traveling control device according to third
embodiment;

FIG. 11 is a schematic configuration diagram of a
vehicle equipped with a vehicle traveling control de-
vice according to fourth embodiment; and

FIG. 12Ais an explanatory drawing of a second set-
ting example of the rotational speed threshold and
FIG. 12B is an explanatory drawing of a third setting
example of the rotational speed threshold.

Description of Embodiments
(First embodiment)
(Configuration)

[0008] An inertial traveling control device according to
first embodiment will be described below. See FIG. 1. An
engine 2 which is the internal combustion engine of a
vehicle 1 is provided with a torque converter 4 on the
output side of the engine. The torque converter 4 is con-
nected to a belt type, continuously variable transmission
5 on the output side of the converter. Rotational driving
force output from the engine 2 is input via a drive plate
3to the torque converter 4, from which the force is further
input to the continuously variable transmission 5. The
rotational driving force input to the continuously variable
transmission 5 is changed according to a desired gear
ratio and then transmitted via a differential gear 6 to drive
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wheels 7a and 7b. The engine 2 is provided with a motor
8 for starting the engine, an alternator 9 for generating
electrical power, and a battery 10.

[0009] The torque converter 4 amplifies torque during
low speed traveling. The torque converter 4 has a lock-
up clutch 11. When the speed V of the vehicle 1 is equal
to or faster than a predetermined speed V1, the torque
converter 4 engages the lock-up clutch 11, to regulate
the relative rotation between the output shaft of the en-
gine 2 and the input shaft of the continuously variable
transmission 5. The predetermined speed V1 may be,
for example, 14 km/h.

[0010] The continuously variable transmission 5 is pro-
vided with a forward-reverse switching mechanism 12, a
primary pulley 13 and a secondary pulley 14, and a belt
15 set across the primary pulley 13 and the secondary
pulley 14. The groove widths of the primary pulley 13 and
the secondary pulley 14 are varied by hydraulic control,
to achieve a desired gear ratio.

[0011] The forward-reverse switching mechanism 12
is provided with a forward clutch 17 and a reverse brake
18. The forward clutch 17 and the reverse brake 18 are
frictionally engaging elements for transmitting rotation
transmitted from the secondary pulley 14 in a positive
direction (forward direction) and in a negative direction
(reverse direction), respectively. The forward clutch 17
and the reverse brake 18 are examples of clutch which
transmit the driving force of the engine 2 to the drive
wheels 7a and 7b.

[0012] In addition, in the continuously variable trans-
mission 5 is provided with an oil pump 16 driven by the
engine 2. When the engine is in operation, the oil pump
16, as a hydraulic source, supplies the converter pres-
sure of the torque converter 4 and the clutch pressure of
the lock-up clutch 11.

[0013] Further, the oil pump 16, as a hydraulic source,
supplies the pulley pressure of the continuously variable
transmission 5 and clutch engagement pressure for the
forward clutch 17 and the reverse brake 18. Still further,
the continuously variable transmission 5 is provided with
an electric oil pump 19, in addition to the oil pump 16,
and is configured so as to be capable of supplying nec-
essary oil pressure to each actuator by activating the
electric oil pump 19 when automatic engine stop makes
hydraulic supply by the oil pump 16 impossible. Thus,
the leakage of hydraulic oil can be compensated and the
clutch engagement pressure can be maintained even
during engine stop.

[0014] The operation status of the engine 2 is control-
led by an engine control unit 20. To the engine control
unit 20 is input a rotational speed signal indicating an
engine rotational speed Re from a rotational speed sen-
sor 2a for detecting the engine rotational speed Re of the
engine 2. The rotational speed sensor 2a is one example
of an engine rotational speed detection device for detect-
ing the engine rotational speed Re of the engine 2.
[0015] Further, to the engine control unit 20 is input a
brake signal from a brake switch 22 for outputting an ON
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signal according to the operation of a brake pedal 21 by
a driver. The brake pedal 21 is one example of an oper-
ation element operated by a driver to instruct the braking
force of the vehicle 1.

[0016] A master cylinder 25 and a master back 27 are
provided ahead of the brake pedal 21. The master back
27 amplifies brake operation force with the aid of the in-
take negative pressure of the engine 2. The engine con-
trol unit 20 receives a brake pedal operation degree sig-
nal from a master cylinder pressure sensor 26 for detect-
ing the master cylinder pressure of the master cylinder
25 generated on the basis of the operation degree of the
brake pedal 21. Further, the engine control unit 20 re-
ceives a negative pressure signal from a negative pres-
sure sensor 28 for detecting the negative pressure of the
master back 27.

[0017] Another sensor, such as a sensor for detecting
brake pedal stroke degree and brake pedal depression
force or a sensor for detecting wheel cylinder pressure
may be used, instead of the master cylinder pressure
sensor 26, to detect the brake pedal operation degree,
which is input to the engine control unit 20.

[0018] Further, the engine control unit 20 receives an
accelerator pedal operation degree signal from an accel-
erator pedal opening degree sensor 24 for detecting the
operation degree of an accelerator pedal 23 operated by
a driver. The accelerator pedal 23 is one example of an
operation element operated by the driver to instruct the
driving force of the vehicle 1. The accelerator pedal open-
ing degree sensor 24 is one example of an accelerator
depression degree detection device for detecting accel-
erator depression degree which is the degree of depres-
sion of the accelerator pedal 23 by the driver.

[0019] Still further, the engine control unit 20 receives
wheel speed signals indicating wheel speeds detected
by wheel speed sensors 29a and 29b provided on the
drive wheels 7a and 7b. In the following explanation, the
wheel speed sensors 29a and 29b may be collectively
represented as "wheel speed sensors 29." The wheel
speed sensors 29 may be provided on wheels other than
the drive wheels. Hereinafter, the drive wheels 7a and
7b, and wheels other than the drive wheels may be col-
lectively represented as "wheels 7."

[0020] Still further, the engine control unit 20 receives
a transmission status signal from a transmission control
unit 40 to be described later and signals of an engine
water temperature, a crank angle, and the like.

[0021] The engine control unit 20 controls, on the basis
of the above-mentioned various signals, a fuel injection
device 2b which is provided on the engine 2 and capable
of adjusting fuel to be supplied to the engine 2. Thus, the
engine control unit 20 is one example of a control device
for controlling the fuel injection device 2b. Further, the
engine control unit 20 starts the engine 2 and performs
an automatic stop processing of the engine 2 to be de-
scribed later, on the basis of the above-mentioned vari-
ous signals.

[0022] When starting the engine 2, the engine control
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unit 20 cranks the engine with the aid of the motor 8. The
motor 8 may be, for example, a starter motor for engine
start (i.e., starting motor) . Thus, the engine control unit
20 is one example of a control device for controlling the
motor 8.

[0023] The engine control unit 20, during the cranking,
moves a pinion gear 31 fixed to the drive shaft of the
motor 8 from a first position where the gear is disengaged
from a ring gear 32 fixed to the perimeter of the drive
plate 3 to a second position where the gear is engaged
with the ring gear 32. The motor 8 is provided with an
actuator 33 for moving the pinion gear 31 between the
first and second positions.

[0024] For example, when the engine control unit 20
energizes the actuator 33, the pinion gear 31 advances
from the first position to the second position, and when
the actuator 33 is not energized, the pinion gear 31 goes
back from the second position to the first position. With
the pinion gear 31 kept engaged with the ring gear 32,
the engine is cranked by the rotation of the motor 8 sup-
plied with electric power from the battery 10. Then, the
fuel injection device 2b injects fuel into the engine 2, and
after the engine 2 reaches its self-sustained rotation, the
motor 8 is stopped. The alternator 9, rotationally driven
by the engine 2, generates electrical power, which is sup-
plied to a device such as the battery 10. The ring gear
32 is one example of the first gear on the side of the
engine 2. The pinion gear 31 is one example of the sec-
ond gear on the side of the motor 8.

[0025] Thetransmission control unit40receivesanen-
gine status signal indicating an engine operation status
from the engine control unit 20 and sends a transmission
status signal indicating the status of the continuously var-
iable transmission 5 to the engine control unit 20. The
transmission control unit 40 controls, for example, the
gear ratio of the continuously variable transmission 5, on
the basis of these signals.

[0026] For example, the transmission control unit 40,
when D-range is selected, engages the forward clutch
17, and further determines the gearratio from a gear ratio
map on the basis of the accelerator pedal opening degree
and the speed V, to control each pulley pressure.
[0027] Further, when the speed V is less than the pre-
determined speed V1, the transmission control unit re-
leases the lock-up clutch 11, but when the speed is equal
to or more than the predetermined speed V1, the trans-
mission control unit engages the lock-up clutch, to bring
the engine 2 and the continuously variable transmission
5 into a directly connected status.

[0028] The engine control unit 20 and the transmission
control unit 40 may be, for example, computers including
a CPU (Central Processing Unit) and a peripheral com-
ponent for CPU such as a storage device. Respective
functions of these computers described herein are im-
plemented by the respective CPUs executing computer
programs stored in the storage devices.
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(Automatic stop processing of engine)

[0029] Next, automatic stop processing of the engine
2 will be explained. The automatic stop processing is a
processing in which the engine control unit 20 stops and
restarts the engine 2 automatically when predetermined
conditions are satisfied, respectively. For this purpose,
the engine control unit 20, the transmission control unit
40, the motor 8, the rotational speed sensor 2a, the fuel
injection device 2b, the accelerator opening degree sen-
sor 24, and the wheel speed sensors 29 configure a ve-
hicle traveling control device 41 which performs the au-
tomatic stop processing of the engine 2.

[0030] SeeFIG.2. The vehicle traveling control device
41 is provided with an idle stop control unit 50, an inertial
traveling control unit 51, and an engine control unit 52.
The idle stop control unit 50 performs so-called idle stop
(also called idle reduction) control which stops engine
idling when a predetermined condition is satisfied while
the vehicle 1 is stopped. A detailed description of the idle
stop control is omitted.

[0031] The inertial traveling control unit 51 stops fuel
supply to the engine 2, disconnects the engine 2 from
the drive wheels 7a and 7b, and run the vehicle 1 as is
when a predetermined first inertial traveling condition is
satisfied even if the speed V is equal to or faster than a
speed threshold V2 which is faster than the predeter-
mined speed V1. Herein, a representation "first inertial
traveling" means traveling during which the speed V is
equal to or faster than the speed threshold V2, fuel supply
to the engine 2 is kept stopped, and the engine 2 is kept
disengaged from the drive wheels 7a and 7b. Further, a
representation "normal traveling" means traveling during
which the forward clutch 17 is kept engaged, in other
words, the engine 2 is kept engaged with the drive wheels
7a and 7b, and fuel is kept supplied to the engine 2.
[0032] The inertial traveling control unit 51 receives
wheel speed signals from wheel speed sensors 29, an
accelerator pedal operation degree signal from the ac-
celerator pedal opening degree sensor 24, a brake pedal
operation degree signal from the master cylinder pres-
sure sensor 26, a negative pressure signal from the neg-
ative pressure sensor 28, and a charging status signal
from the battery 10. The inertial traveling control unit 51
determines whether or not the first inertial traveling con-
dition is satisfied, on the basis of the wheel speed signals,
the accelerator pedal operation degree signal, and the
charging status signal.

[0033] The first inertial traveling condition is satisfied,
for example, when all of the following four conditions (A1)
to (A4) are satisfied.

(A1) The speed V is equal to or faster than the speed
threshold V2. The speed threshold V2 may be about
30 km/h.

(A2) The speed V is equal to or slower than a speed
V3. For an example, the speed V3 may be about 80
km/h.
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(A3) The driver has no intention for acceleration. For
example, when a time equal to longer than a prede-
termined time elapses after accelerator operation
degree (i.e., accelerator depression degree) drops
to zero, the condition (A3) may be determined to be
satisfied. The predetermined time is a period during
which the accelerator pedal 23 is not operated, the
period being set in order to determine that the driver
has no intention for acceleration, and it may be, for
example, 2 seconds.

(A4) A predetermined idle stop permission condition
is satisfied. The idle stop permission condition may
be, for example, that the engine is not under warm-
ing-up, and that the charging ratio of the battery 10
is equal to or higher than a predetermined value.

[0034] The inertial traveling control unit 51 permits first
inertial traveling and outputs an engine stop command
to the engine control unit 52 when the first inertial
traveling condition is satisfied, in other words, when the
driver has no intention for acceleration and other condi-
tions (A1), (A2), and (A4) are satisfied.

[0035] The engine control unit 52 stops fuel injection
by the fuel injection device 2b, to stop fuel supply to the
engine 2. Further, the engine control unit 52 outputs an
operation prohibition command for the electric oil pump
19 to the continuously variable transmission 5. Since the
oil pump 16 is stopped owing to the stop of the engine
2, and in addition, the electric oil pump 19 does not op-
erate, the forward clutch 17 in the forward-reverse switch-
ing mechanism 12 is released. As a result, the engine 2
is disengaged from the drive wheels 7a and 7b. In addi-
tion, the lock-up clutch 11 is also released.

[0036] Further, during the first inertial traveling, the in-
ertial traveling control unit 51 determines whether or not
a predetermined first stop condition is satisfied, on the
basis of the wheel speed signals, the accelerator pedal
operation degree signal, and the charging status signal .
When the first stop condition is satisfied, the inertial
traveling control unit 51 prohibits the firstinertial traveling,
to stop the first inertial traveling. The first stop condition
is satisfied when, for example, any one of the following
three conditions (B1) to (B3) is satisfied.

(B1) The speed V is slower than the speed threshold
V2.

(B2) The driver has an intention for acceleration. For
example, the condition (B2) may be determined to
be satisfied when the accelerator pedal 23 is de-
pressed.

(B3) The idle stop permission condition is not satis-
fied. When the first stop condition is satisfied, for
example, when the driver has an intention for accel-
eration, the inertial traveling control unit 51 stops the
firstinertial traveling and outputs a restart command
aided by the motor 8 to the engine control unit 52.

[0037] Upon receiving the restart command, the en-
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gine control unit 52 performs engine cranking with the
aid of the motor 8. In this case, the engine 2 may beunder
inertial rotation in the transition to its stopped status. Ex-
amples of such status include Change of Mind (CoM)
such that acceleration operation is performed by a driver
immediately after the first inertial traveling is started.
[0038] When cranking is performed during the inertial
rotation of the engine 2, a noise occurs which is caused
by the engagement of the pinion gear 31 with the rotating
ring gear 32. In the following explanation, a representa-
tion "starter noise" means the noise caused by the en-
gagement of the pinion gear 31 with the rotating ring gear
32. The starter noise increases when the engine rota-
tional speed Re is higher.

[0039] Then, the engine control unit 52 permits crank-
ing of the engine 2 with the aid of the motor 8 when the
engine rotational speed Re of the engine 2 during inertial
rotation is equal to or slower than a rotational speed
threshold Tr. In other words, the unit permits the restart
of the engine 2. When the engine rotational speed Re is
higher than the rotational speed threshold Tr, the unit
prohibits the cranking of the engine 2 with the aid of the
motor 8 until the engine rotational speed Re drops to or
below the rotational speed threshold Tr. In other words,
the engine control unit prohibits the restart of the engine
2. The engine control unit performs the cranking of the
engine 2 after the engine rotational speed Re drops to
or below the rotational speed threshold Tr. In other words,
the unit restarts the engine 2.

[0040] The engine control unit 52 is provided with a
cranking control unit 53. The cranking control unit 53 de-
termines the engine rotational speed Re on the basis of
the rotational speed signal from the rotational speed sen-
sor 2a. The cranking control unit 53 permits cranking of
the engine 2 with the aid of the motor 8 and starts the
cranking when the engine rotational speed Re is equal
to or lower than the rotational speed threshold Tr.
[0041] The cranking control unit 53 energizes the ac-
tuator 33 to engage the pinion gear 31 with the ring gear
32 and drives the motor 8 to crank the engine 2. The
engine control unit 52 restarts fuel injection by the fuel
injection device 2b of the engine 2. The engine 2 is re-
started through the restart of fuel injection and the crank-
ing.

[0042] After the engine 2 is restarted, the oil pump 16
operates to engage the forward clutch 17 in the forward-
reverse switching mechanism 12.

[0043] When the engine rotational speed Re is higher
than the rotational speed threshold Tr, the cranking con-
trol unit 53 prohibits cranking of the engine 2 with the aid
of the motor 8 until the engine rotational speed Re drops
to or below the rotational speed threshold Tr.

[0044] Next, whenitis determined that the vehicle 1 is
under deceleration and likely to stop via control called
"deceleration fuel cut control" and to transfer to the idling
stop control, fuel supply to the engine 2 is stopped. In
this case, the vehicle 1 is traveling by inertia, with the
accelerator pedal 23 not operated by the driver. A rep-
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resentation "second inertial traveling" means traveling
during which fuel supply to the engine 2 is kept stopped
when it is determined that the vehicle is likely to transfer
to the idling stop control. The first inertial traveling and
the second inertial traveling may be collectively repre-
sented as "inertial traveling." The second inertial traveling
may be called coast stop traveling, and a control for stop-
ping fuel supply to the engine 2 during the coast stop
traveling may be called coast stop control.

[0045] Although fuel injection is kept stopped during
the deceleration fuel cut control, the engine rotational
speed Re is maintained by coast torque transmitted via
the lock-up clutch 11 from the drive wheels 7a and 7b.
However, since the lock-up clutch 11 is released after
deceleration down to the predetermined speed V1, the
engine 2 will be stopped if no fuel is injected thereto. For
this reason, in conventional technologies, the decelera-
tion fuel cut control is stopped at a timing of releasing the
lock-up clutch 11, and fuel injection is restarted to main-
tain self-sustained engine rotation; the engine idling is
then stopped after the vehicle 1 was completely stopped.
However, fuel efficiency can be improved if the amount
of fuel upon the restart of fuel injection can be further
reduced in a process in which fuel injection is temporarily
restarted after such a traveling status with fuel injection
kept stopped and then the engine is stopped again. Ac-
cordingly, when a predetermined second inertial
traveling condition is satisfied, the engine 2 is kept
stopped without restarting fuel injection, and after the ve-
hicle 1 is stopped, it transfers directly to the normal idling
stop control.

[0046] The inertial traveling control unit 51 determines
whether or not the second inertial traveling condition is
satisfied, on the basis of the accelerator pedal operation
degree signal, the brake pedal operation degree signal,
and the charging status signal. The second inertial
traveling condition is satisfied, for example, when all of
the following three conditions (C1) to (C3) are satisfied.

(C1) The brake pedal operation degree is equal to
or greater than a predetermined value.

(C2) The accelerator pedal operation degree is zero.
(C3) The idle stop permission condition is satisfied.
When the second inertial traveling condition is sat-
isfied, the inertial traveling control unit 51 outputs the
engine stop command to the engine control unit 52.
Upon the automatic stop of the engine 2, the contin-
uously variable transmission 5 activates the electric
oil pump 19, to maintain the engagement of the for-
ward clutch 17 of the forward-reverse switching
mechanism 12. Thus, the engagement of the engine
2 with the drive wheels 7a and 7b is maintained.
Since the second inertial traveling starts after the
deceleration fuel cut control, the speed V during the
second inertial traveling is slower than the predeter-
mined speed V1.

[0047] During the second inertial traveling, the inertial
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traveling control unit 51 determines whether or not a pre-
determined second stop condition is satisfied, on the ba-
sis of the negative pressure signal and the charging sta-
tus signal. When the second stop condition is satisfied,
the inertial traveling control unit 51 prohibits the second
inertial traveling and stops the second inertial traveling.
The second stop condition is satisfied, forexample, when
any one of the following two conditions (D1) and (D2) is
satisfied.

(D1) The negative pressure of the master back 27
is less than a predetermined value.

(D2) The idle stop permission condition is not satis-
fied.

[0048] When the second stop condition is satisfied, the
inertial traveling control unit 51 outputs a restart com-
mand to the engine control unit 52. The engine control
unit 52, upon receiving the restart command, cranks the
engine with the aid of the motor 8.

[0049] The engine control unit 52 may permit cranking
of the engine 2 with the aid of the motor 8 when the engine
rotational speed Re is equal to or lower than the rotational
speed threshold Tr, as with the case of cranking at the
end of the firstinertial traveling. Further, when the engine
rotational speed Re is higher than the rotational speed
threshold Tr, the engine control unit 52 may prohibit
cranking of the engine 2 with the aid of the motor 8 until
the engine rotational speed Re drops to or below the
rotational speed threshold Tr.

[0050] As described above, the inertial traveling con-
trol unit 51 can improve the fuel efficiency of the vehicle
1 by increasing an occasion of engine stop by the first
inertial traveling and the second inertial traveling.

(Operation)

[0051] Next, a first example of the processing of the
vehicle traveling control device 41 will be explained. See
FIG. 3. At a step S1, the inertial traveling control unit 51
determines whether or not the first stop condition is sat-
isfied. When the first stop condition is satisfied (step S1:
Y), the processing goes to a step S2. When the first stop
condition is not satisfied (step S1: N), the processing
ends.

[0052] At the step S2, the cranking control unit 53 de-
termines whether or not the rotation of the engine 2 is
stopped, on the basis of the rotational speed signal from
the rotational speed sensor 2a. When the rotation of the
engine 2 is stopped (step S2:Y), the processing goes to
the step S4. When the rotation of the engine 2 is not
stopped (step S2: N), the processing goes to a step S3.
[0053] At the step S3, the cranking control unit 53 de-
termines whether or not the engine rotational speed Re
is equal to or less than the rotational speed threshold Tr.
[0054] When the engine rotational speed Re is lower
than the rotational speed threshold Tr (step S3: Y), the
processing goes to the step S4. When the engine rota-
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tional speed Re is higher than the rotational speed thresh-
old Tr (step S3: N), the processing returns to the step S3.
[0055] Atthe step S4, the cranking control unit53 starts
cranking of the engine 2 with the aid of the motor 8. The
engine control unit 52 restarts fuel injection by the fuel
injection device 2b. The engine 2 is restarted by the re-
start of fuel injection and the cranking.

(Effect of first embodiment)

[0056] (1) The inertial traveling control unit 51 in first
embodiment determines driver’s intention for accelera-
tion during the traveling of the vehicle 1. The engine con-
trol unit 52 stops fuel supply to the engine 2 by the fuel
injection device 2b when it is determined that the driver
has no intention for acceleration. The inertial traveling
control unit 51 permits the restart of the engine 2 when
it is determined, after fuel supply to the engine 2 is
stopped, that the driver has an intention for acceleration.
[0057] However, the cranking control unit 53 prohibits
the restart of the engine until the engine rotational speed
Re drops to or below the rotational speed threshold Tr
even when the inertial traveling control unit 51 permits
the restart of the engine 2. In other words, the cranking
control unit 53 prohibits the restart of the engine until the
engine rotational speed Re drops to or below the rota-
tional speed threshold Tr, even when it is determined that
the driver has an intention for acceleration after fuel sup-
ply to the engine 2 is stopped. The cranking control unit
53 restarts the engine 2 after the engine rotational speed
Re drops to or below the rotational speed threshold Tr.
[0058] Accordingly, when a condition for stopping in-
ertial traveling is satisfied during inertial rotation, a noise
caused by cranking of the engine during the inertial ro-
tation can be prevented from giving the driver a discom-
fort feeling.

[0059] Although the timing of cranking the engine 2 is
delayed, a period during which cranking of the engine 2
is prohibited expires within a period required for the shift
of the continuously variable transmission 5. Accordingly,
even when cranking is delayed, it does not affect re-
sponse.

(Modification example)
[0060]

(1) The motor 8 may be an SSG (Separated Starter
Generator) motor provided separately from the start-
er motor. Cranking performed during inertial rotation
causes a noise caused by the backlash of a trans-
mission system transmitting rotational driving force
between the drive shaft of the SSG and that of the
engine 2, and this noise increases with increase in
the engine rotational speed Re. Therefore, even in
the case of SSG, the cranking noise during low speed
traveling can be prevented from giving the driver a
discomfort feeling, by prohibiting cranking of the en-
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gine 2 with the aid of SSG when the engine rotational
speed Re is higher than the rotational speed thresh-
old Tr.

(2) The vehicle traveling control device 41 can also
be applied to vehicles adopting an automatic trans-
mission of atype other than the continuously variable
transmission 5. For example, the vehicle traveling
control device 41 can also be applied to vehicles
adopting an automatic transmission of a type with a
gear pair with parallel axis. Further, the vehicle
traveling control device 41 can be applied not only
to vehicles provided with only an internal combustion
engine as a driving source, but also to hybrid vehi-
cles.

(3) During the first inertial traveling, the vehicle
traveling control device 41 may output, to the con-
tinuously variable transmission 5, a clutch disen-
gagement signal for actively releasing the forward
clutch 17, instead of the operation prohibition com-
mand for the electric oil pump 19.

(Second embodiment)

[0061] Next, second embodiment will be explained.
Noise sensible for the driver of the vehicle 1 includes a
background noise occurring during traveling, in addition
to starter noise. Since the background noise includes the
traveling noise of the vehicle 1, the background noise
increases with increase in the speed V. Even though the
starter noise is large to some extent, it is not significant
when the speed V is high and the background noise is
large. On the other hand, even though the starter noise
is small to some extent, it may be significant to give the
driver a discomfort feeling when the speed V is slow and
the background noise is small. In other words, when a
difference (10 - I1) obtained by subtraction of the mag-
nitude 11 of the background noise from the magnitude 10
of the starter noise, is large, it may give the driver a dis-
comfort feeling.

[0062] For this reason, the engine control unit 52 de-
termines the rotational speed threshold Tr according to
the speed V of the vehicle 1, the threshold being the
upper limit of the engine rotational speed Re for which
cranking is permitted. When the engine rotational speed
Re of the engine 2 during inertial rotation is equal to or
slower than the rotational speed threshold Tr determined
according to the speed V, the engine control unit 52 per-
mits the cranking of the engine 2 with the aid of the motor
8. When the engine rotational speed Re is faster than
the rotational speed threshold Tr determined according
to the speed V, the cranking of the engine 2 with the aid
of the motor 8 is prohibited until the engine rotational
speed Re drops to or below the rotational speed threshold
Tr.

[0063] SeeFIG.4. The same reference signs are used
for the same components as those in first embodiment.
The engine control unit 52 is provided with a rotational
speed threshold determination unit 54. The rotational
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speed threshold determination unit 54 determines the
speed V of the vehicle 1 on the basis of wheel speed
signals from the wheel speed sensors 29. The rotational
speed threshold determination unit 54 determines differ-
ent rotational speed thresholds Tr according to different
speeds V.

[0064] See FIG. 5A. The difference (10 - 11) obtained
by subtraction of the magnitude 11 of the background
noise from the magnitude 10 of the starter noise, decreas-
es with the increase in the speed V. For example, when
the engine rotational speed Re is "R1" and the speed V
is "V4", the difference (10 - I1) is "D1", which is smaller
than "D2" taken by the difference (10 - I1) when the speed
Vis "V5" lower than "V4."

[0065] The difference (10 - I1) increases with increase
in the engine rotational speed Re. For example, "D1"
taken by the difference (10-11) for a speed V equal to "V4"
and an engine rotational speed Re equal to "R1" is larger
than "D3" taken by the difference (I0-11) for an engine
rotational speed Re equal to "R2" lower than "R1."
[0066] Therefore, the rotational speed threshold deter-
mination unit 54 sets an engine rotational speed Re at
which the difference (10-11) is a predetermined allowable
value Ti at a speed V determined on the basis of the
wheel speed signals from the wheel speed sensors 29,
as a rotational speed threshold Tr.

[0067] A rotational speed during inertial rotation for
which cranking is permitted is limited by a cranking mech-
anism (such as the pinion gear 31 and the ring gear 32)
for transmitting the rotational driving force of the motor 8
to the drive shaft of the engine 2. Therefore, the rotational
speed threshold determination unit 54 may set a maxi-
mum value allowable for the cranking mechanism to the
rotational speed threshold Tr when the speed V is equal
to or faster than a predetermined speed threshold.
[0068] See FIG. 5B. For example, when the difference
(10 - 1) is the predetermined allowable value Ti at a
speed V equal to "V4" and an engine speed Re equal to
"R3", the engine rotational speed R3 is set as the rota-
tional speed threshold Tr. Further, for example, when the
difference (10 - I1) is the predetermined allowable value
Ti at a speed V equal to "V5" and an engine rotational
speed Re equal to "R4", the engine rotational speed R4
is set as the rotational speed threshold Tr. In this exam-
ple, the speed V4 is faster than the speed V5, and the
engine rotational speed R3 is higher than the engine ro-
tational speed R4. In other words, the rotational speed
threshold Tr increases with increase in the speed V.
[0069] When the rotational speed threshold Tr is set,
the magnitude of each starter noise at each engine rota-
tional speed Re and the magnitude |1 of each background
noise at each speed V are measured in advance. Next,
respective differences (10 - I1) for different combinations
of the engine rotational speed Re and the speed V are
estimated. Then, a rotational speed threshold Tr such
that the difference (10 - 11) is the allowable value Ti is
estimated on the basis of these estimated values.
[0070] See FIG. 4. The cranking control unit 53 deter-
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mines the engine rotational speed Re on the basis of the
rotational speed signal from the rotational speed sensor
2a. The cranking control unit 53 permits cranking of the
engine 2 with the aid of the motor 8 and starts the cranking
when the engine rotational speed Re is equal to or lower
than the rotational speed threshold Tr determined by the
rotational speed threshold determination unit 54.

[0071] When the engine rotational speed Re is higher
than the rotational speed threshold Tr determined by the
rotational speed threshold determination unit 54, the
cranking control unit 53 prohibits the cranking of the en-
gine 2 with the aid of the motor 8 until the engine rotational
speed Re drops to or below the rotational speed threshold
Tr.

(Operation)

[0072] Next, a second example of the processing of
the vehicle traveling control device 41 will be explained.
See FIG. 6. At a step S10, the inertial traveling control
unit 51 determines whether or not the first stop condition
is satisfied. When the first stop condition is satisfied (step
S10:Y), the processing goes to a step S11. When the
first stop condition is not satisfied (step S10: N), the
processing ends.

[0073] At the step S11, the cranking control unit 53
determines whether or not the rotation of the engine 2 is
stopped, on the basis of the rotational speed signal from
the rotational speed sensor 2a. When the rotation of the
engine 2 is stopped (step S11: Y), the processing goes
to the step S16. When the rotation of the engine 2 is not
stopped (step S11: N), the processing goes to astep S12.
[0074] At the step S12, the rotational speed threshold
determination unit 54 determines the speed V of the ve-
hicle 1. At a step S13, the cranking control unit 53 deter-
mines the engine rotational speed Re. At a step S14, the
rotational speed threshold determination unit 54 deter-
mines the rotational speed threshold Tr. The rotational
speed threshold determination unit 54 may determine
the rotational speed threshold Tr before the cranking con-
trol unit 53 determines the engine rotational speed Re.
In other words, the step S14 may be executed before the
step S13.

[0075] At a step S15, the cranking control unit 53 de-
termines whether or not the engine rotational speed Re
is equal to or lower than the rotational speed threshold Tr.
[0076] When the engine rotational speed Re is equal
to or lower than the rotational speed threshold Tr (step
S15:Y), the processing goes to a step S16. When the
engine rotational speed Re is higher than the rotational
speed threshold Tr (step S15: N), the processing goes
back to the step S12.

[0077] At the step S16, the cranking control unit 53
starts cranking of the engine 2 with the aid of the motor
8. The engine control unit 52 restarts fuel injection by the
fuel injection device 2b. The engine 2 is restarted by the
restart of fuel injection and the cranking.

[0078] Next, an example of the operation of the vehicle
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traveling control device 41 at the end of the first inertial
traveling is will be explained. Itis supposed that the speed
V is relatively fast and the rotational speed threshold Tr
is "Tr1" which is relatively large. The real rotational speed
threshold Tr varies depending on the decrease in the
speed V during the first inertial traveling.

[0079] As illustrated in FIG. 7B, the first inertial
traveling condition is satisfied at a time t1, and the first
inertial traveling is started. When the engine stops owing
to the start of the first inertial traveling, the engine rota-
tional speed Re begins decreasing, as illustrated FIG.
7C, and drops to or below Tr1 after a time t2.

[0080] Further, when the accelerator pedal 23 is de-
pressed at a time t3 as illustrated in FIG. 7A and the first
stop condition is satisfied, the inertial traveling control
unit 51 outputs the restart command for the engine 2 to
the engine control unit 52.

[0081] Since the engine rotational speed Re is lower
than the rotational speed threshold Tr1 at the time t3, the
cranking control unit 53 permits cranking of the engine 2
with the aid of the motor 8. Accordingly, the motor 8 is
driven at the time t3, as illustrated in FIG. 7D. As a result,
the status of the vehicle 1 returns to a normal traveling,
as illustrated in FIG. 7B.

[0082] Next, it is supposed that the rotational speed
threshold Tr is "Tr2" which is smaller than "Tr1." When
the accelerator pedal 23 is depressed at the time t3 as
illustrated in FIG. 8A and the first stop condition is satis-
fied, the inertial traveling control unit 51 outputs the re-
start command for the engine 2 to the engine control unit
52. Since the engine rotational speed Re is higher than
the rotational speed threshold Tr2 at the time t3 as illus-
trated in FIG. 8C, the cranking control unit 53 prohibits
the cranking of the engine 2 with the aid of the motor 8.
Accordingly, the motor 8 is not driven at the time t3, as
illustrated in FIG. 8D. Further, when the engine rotational
speed Re drops to or below the rotational speed threshold
Tr2 atatime t4 asillustrated FIG. 8C, the cranking control
unit 53 permits the cranking of the engine 2 with the aid
of the motor 8. Accordingly, the motor 8 is driven at a
time t4, as illustrated FIG. 8D. As a result, the status of
vehicle 1 returns to normal traveling, as illustrated FIG.
8B.

(Effect of second embodiment)
[0083]

(1) In second embodiment, the speed V is detected
for the vehicle 1 during inertial traveling which is
traveling, with fuel supply to the engine 2 kept
stopped. The rotational speed threshold determina-
tion unit 54 changes the rotational speed threshold
Trdepending on the detected speed V. The rotation-
al speed threshold determination unit 54 determines
the rotational speed threshold Tr so that the rotation-
al speed threshold Tr may increase with increase in
the speed V. In other words, a smaller rotational
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speed threshold value Tr is set for a slower speed
V. Thus, a lower rotational speed threshold Tr is set
during low speed traveling, resulting in a smaller
cranking noise. Accordingly, speed V enabling iner-
tial traveling without giving the driver a discomfort
feeling caused by cranking noise can be expanded
to a lower speed range. As a result, when the speed
range enabling inertial traveling can be expanded,
the fuel efficiency of the vehicle 1 improves.

(2) The rotational speed threshold determination unit
54 sets a maximum value allowable for the cranking
mechanism of the engine 2 to the rotational speed
threshold Tr for the speed V equal to or higher than
a predetermined speed threshold. When the detect-
ed speed is less than the predetermined speed
threshold, the rotational speed threshold determina-
tion unit 54 limits the rotational speed threshold Tr
to a value smaller than the maximum value. Thus, a
lower rotational speed threshold Tr is set during low
speed traveling, resulting in a smaller cranking noise.
Accordingly, the speed V enabling inertial traveling
without giving the driver a discomfort feeling caused
by cranking noise can be expanded to a lower speed
range. As a result, when the speed range enabling
inertial traveling can be expanded, the fuel efficiency
of the vehicle 1 improves.

(Modification example)

[0084] The rotational speed threshold Tr may be set
according not to the speed V but to the magnitude 11 of
background noise. The magnitude |1 of the background
noise may be measured actually. See FIG. 9. The vehicle
1 may be provided with a noise sensor 55 for measuring
the magnitude |1 of the background noise.

(Third embodiment)

[0085] Next, thirdembodimentwill be explained. When
the engine 2 is stopped, the engine rotational speed Re
gradually decreases, bringing the rotation of the engine
2 to stop, but the engine 2 may rotate in a reverse direc-
tion before the complete stop of rotation. For this reason,
in third embodiment, the cranking by the motor 8 is pro-
hibited when the engine rotational speed Re of the engine
2 during the reverse rotation is higher than the rotational
speed threshold Tr differing depending on the speed V.
[0086] See FIG. 10. The same reference signs are
used for the same components as those in second em-
bodiment. The engine control unit 52 is provided with a
rotational direction determination unit 56 for determining
whether the engine 2is during aforward rotation or during
a reverse rotation, on the basis of the rotational speed
signal from the rotational speed sensor 2a.

[0087] When the engine rotational speed Re of the en-
gine 2 during forward rotation is equal to or lower than
the first rotational speed threshold Tr1 differing depend-
ing on the speed V of the vehicle 1, the cranking control
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unit 53 permits cranking, and when the engine rotational
speed Re is higher than the first rotational speed thresh-
old Tr1, the unit prohibits cranking until the engine rota-
tional speed Re drops to or below the first rotational
speed threshold Tr1.

[0088] Further, when the engine rotational speed Re
of the engine 2 during reverse rotation is equal to or lower
than the second rotational speed threshold Tr2 differing
depending on the speed V, the cranking control unit 53
permits cranking, and when the engine rotational speed
Re is higher than the second rotational speed threshold
Tr2, the unit prohibits cranking until the engine rotational
speed Re drops to or below the second rotational speed
threshold Tr2.

[0089] Cranking noise generated during the reverse
rotation of the engine 2 tends to be larger than that gen-
erated during the forward rotation thereof. Accordingly,
cranking may be prohibited at a lower engine rotational
speed Re during the reverse rotation of the engine 2 than
during the forward rotation thereof. Thus, the rotational
speed threshold determination unit 54 may set a value
to the second rotational speed threshold Tr2 for the ve-
hicle 1 traveling at the speed V with the engine 2 during
reverse rotation, which value is smaller than the first ro-
tational speed threshold Tr1 for the vehicle 1 traveling at
the speed V with the engine 2 during forward rotation. In
other words, when the speed V detected during the for-
ward rotation of the engine 2 is the same as that detected
during the reverse rotation of the engine 2, the first rota-
tional speed threshold Tr1 is larger than the second ro-
tational speed threshold Tr2. For example, the rate of
increase in the first rotational speed threshold Tr1 with
respect to increase in the speed V may be larger than
the rate ofincrease in the second rotational speed thresh-
old Tr2 with respect to increase in the speed V.

(Effect of third embodiment)
[0090]

(1) The rotational direction determination unit 56 in
third embodiment determines whether the engine 2
is in forward rotation orin inverse rotation. The crank-
ing control unit 53 permits the restart of the engine
2 when the engine rotational speed Re of the engine
2 during forward rotation is equal to or less than the
first rotational speed threshold Tr1 differing depend-
ing on the speed V of the vehicle 1. In addition, the
cranking control unit 53 permits the restart of the
engine 2 when the engine rotational speed Re of the
engine 2 during reverse rotation is equal to or less
than the second rotational speed threshold Tr2 dif-
fering depending on the speed V. Accordingly, the
cranking noise occurring upon the restart of the en-
gine 2 during its reverse rotation occurring upon the
stop of the engine 2 can be prevented from giving
the driver a discomfort feeling.

(2) When the speed V detected during the forward
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rotation of the engine 2 is the same as that detected
during the reverse rotation thereof, the first rotational
speed threshold Tr1 is larger than the second rota-
tional speed threshold Tr2. Accordingly, cranking
can be prohibited for a lower engine rotational speed
Re during the reverse rotation of engine 2 than during
the forward rotation thereof. As aresult, larger crank-
ing noise can be prevented from occurring during
the reverse rotation of the engine 2 than during the
forward rotation thereof.

(Fourth embodiment)

[0091] Next, fourth embodiment will be explained. The
magnitude of the starter noise sensible for the driver fluc-
tuates depending on various factors. In following expla-
nation, a fluctuation factor which fluctuates the magni-
tude of the starter noise sensible for the driver is simply
represented as "fluctuation factor."

[0092] Such a fluctuation factor may be, for example,
a factor which generates a noise other than the starter
noise, making it difficult for motor operation noise to be
sensed and fluctuating the magnitude of the starter noise
sensible for the driver. Examples of the fluctuation factor
include, for example, weather conditions. For example,
rainfall increases traveling noise, making it difficult to
sense the starter noise. For this reason, the magnitude
of the starter noise sensible for the driver is larger than
in sunny weather.

[0093] Further, examples of the fluctuation factor in-
clude an operation status of an audio device and that of
awiper, provided on the vehicle 1. When the audio device
and the wiper are used, their operation noises also inhibit
the sensing of the starter noise, resulting in increase in
the magnitude of the starter noise sensible for the driver.
[0094] Still further, examples of the fluctuation factor
also include the operation status of a noise reduction
device for reducing background noise in the cabin of the
vehicle 1. Since the starter noise is significant when back-
ground noise is small, the magnitude of starter noise sen-
sible for the driver decreases.

[0095] For this reason, the vehicle traveling control de-
vice 41 of fourth embodiment corrects the rotational
speed threshold Tr which was set according to the speed
V of the vehicle 1 according to a fluctuation factor fluctu-
ating the magnitude of the starter noise sensible for the
driver, in addition to the speed V.

[0096] See FIG. 11. The same reference signs are
used for the same components as those in second em-
bodiment. The vehicle 1 is provided with a sensor 60 for
detecting a present weather condition at the position of
the vehicle 1 and a navigation device 61. The sensor 60
detects the weather condition. For example, the sensor
60 may be a rain sensor for detecting rainfall or a snowfall
sensor for detecting snowfall. The sensor 60 inputs in-
formation on the detected weather condition to the engine
control unit 20.

[0097] The navigation device 61 is an information
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processing device for output, to the engine control unit
20, travel route information for cooperative navigation
control. In the cooperative navigation control, the engine
control unit 20 controls the speed V of the vehicle 1 ac-
cording to the degree of a road curve or slope ahead, on
the basis of the travel route information. Further, in the
cooperative navigation control, the navigation device 61
receives, by using a communication device 62, weather
information related to a present weather condition at the
position of the vehicle 1 or on a travel route to be traveled.
The communication device 62 may receive the weather
information via, for example, road-to-vehicle communi-
cation, inter-vehicle communication, or satellite commu-
nication. The navigation device 61 inputs the received
weather information to the engine control unit 20.
[0098] The vehicle 1 is also provided with an audio
control unit 63 having an audio device such as a compact
disc player and a radio. The audio control unit 63 inputs,
to the engine control unit 20, a first operation signal in-
dicating the operation status of the audio device and the
volume of sound generated by the audio device.

[0099] Further, the vehicle 1 is provided with a wiper
64, a steering wheel 65, a wiper switch 66 provided in
the vicinity the steering wheel, and a vehicle body control
unit 67. The vehicle body control unit 67 detects the op-
eration of the wiper switch 66 and drives the wiper 64
according to the detected operation. The vehicle body
control unit 67 outputs, to the engine control unit 20, a
second operation signal indicating the operation status
of the wiper 64.

[0100] Inaddition, the vehicle 1is provided with a noise
cancel control unit 68 as a noise reduction device. The
noise cancel control unit 68 supplies, to the audio control
unit 63, an audio signal of an anti-phased sound with
respect to background noise in the cabin of the vehicle
1, to output the anti-phased sound from the speaker 69,
thereby reducing the background noise in the cabin. To
the engine control unit 20 is input a third operation signal
indicating the operation status of the noise cancel control
unit 68.

[0101] The audio control unit 63, the vehicle body con-
trol unit 67, and the noise cancel control unit 68 may be
computers including a CPU (Central Processing Unit)
and a peripheral component for CPU such as a storage
device. Respective functions of these computers de-
scribed herein are implemented by respective CPUs ex-
ecuting a computer programs stored in a storage device .
Further, signs 7c and 7d indicate wheels other than drive
wheels.

[0102] The rotational speed threshold determination
unit 54 illustrated in FIG. 4 receives weather information
from the sensor 60 and navigation device 61, the first
operation signal from the audio control unit 63, the sec-
ond operation signal from the vehicle body control unit
67, and the third operation signal from the noise cancel
control unit 68. The rotational speed threshold determi-
nation unit 54 corrects, on the basis of these signals, the
rotational speed threshold Tr which was set according to
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the speed V of the vehicle 1.

[0103] Forexample, when the rotational speed thresh-
old determination unit 54 detects rainfall on the basis of
the weather information from the sensor 60 or from the
navigation device 61, it estimates the increased magni-
tude of traveling noise in the vehicle owing to rainfall as
an increased magnitude lv of vehicle interior noise. For
example, the rotational speed threshold determination
unit 54 may estimate the increased magnitude Iv on the
basis of respective increased magnitudes of traveling
noise previously measured for respective rainfall
amounts. The rotational speed threshold determination
unit 54 corrects the rotational speed threshold Tr on the
basis of the speed V and the estimated increased mag-
nitude lv.

[0104] FIG. 12A illustrates a difference (10 - 11) be-
tween the magnitude of vehicle interior noise before its
fluctuation owing to rainfall and the magnitude ofthe start-
er noise. The dot-dash line 71 indicates the difference
(10 - I1) for an engine rotational speed Re equal to "R3."
The solid line 72 indicates the difference (10 - 11) for an
engine rotational speed Re equal to "R4" higher than
"R3."

[0105] In addition, when the speed V of the vehicle 1
is "V4", the difference (10 - 11) is an allowable value Ti
at an engine rotational speed Re equal to "R3". The dif-
ference (10 - 11) for an engine rotational speed Re equal
to "R4" is larger than the difference (10 - 11) for an engine
rotational speed Re equal to "R3", and the difference
between them is equal to the increased magnitude Iv.
[0106] Accordingly, the rotational speed threshold de-
termination unit 54 sets "R3" to the rotational speed
threshold Tr before traveling noise in the cabin increases
owing to rainfall. After the traveling noise in the cabin
increases by the increased magnitude Iv owing to rainfall,
the difference (10 - I1) is the allowable value Ti at an
enginerotational speed Re equal to "R4". Therefore, after
traveling noise in the cabin increases owing to rainfall,
the rotational speed threshold determination unit 54 cor-
rects the rotational speed threshold Tr to "R4."

[0107] The rotational speed threshold determination
unit 54 estimates respective differences (10 - I1) for dif-
ferent combinations of the engine rotational speed Re
and the speed V, and on the basis of which estimated
values, the rotational speed threshold determination unit
further estimates a rotational speed threshold Tr at which
a difference (10 - I1 - lv) obtained by subtraction of the
increased magnitude lv from the estimated values, is the
allowable value Ti.

[0108] Further, the rotational speed threshold determi-
nation unit 54 estimates, on the basis of the first operation
signal from the audio control unit 63, the increased mag-
nitude lv of vehicle interior noise which increases owing
to the operation of the audio function.

[0109] Still further, for example, the rotational speed
threshold determination unit 54 estimates, on the basis
of the second operation signal from the vehicle body con-
trol unit 67, the increased magnitude Iv of vehicle interior
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noise which increases owing to the use of the wiper 64.
The rotational speed threshold determination unit 54 es-
timates the rotational speed threshold Tr on the basis of
the estimated increased magnitude Iv. When a fluctua-
tion factor occurs which generates a noise other than
starter noise, thereby fluctuating the magnitude of starter
noise sensible for the driver, the rotational speed thresh-
old determination unit54 may correct the rotational speed
threshold Tr to the maximum value allowable for the
cranking mechanism of the engine 2 regardless of the
speed V.

[0110] Further, for example, the rotational speed
threshold determination unit 54 may estimate, on the ba-
sis of the third operation signal from the noise cancel
control unit 68, the magnitude of background noise re-
duced by the noise cancel control unit 68. For example,
the rotational speed threshold determination unit 54 may
estimate the decreased magnitude Iv of background
noise, on the basis of the functional specification of the
noise cancel control unit 68. The rotational speed thresh-
old determination unit 54 corrects, on the basis of the
estimated decreased magnitude lv, the rotational speed
threshold Tr which was set according to the speed V.
[0111] FIG. 12B illustrates the difference (10 - 11) be-
tween the magnitude of background noise before its re-
duction by the noise cancel control unit 68 and the mag-
nitude of the starter noise. The dot-dash line 73 indicates
the difference (10 - 11) for an engine rotational speed Re
equal to "R3." The solid line 74 indicates the difference
(10-11) for an engine rotational speed Re equal to "R4"
lower than "R3."

[0112] Further, when the speed V of the vehicle 1 is
"V4" the difference (10-11) is the allowable value Ti at an
engine rotational speed Re equal to "R3". Still further,
the difference (10-11) for an engine rotational speed Re
equal to "R4" is smaller than the difference (10-11) for an
engine rotational speed Re equal to "R3", and the differ-
ence between them is equal to the decreased magnitude
Iv.

[0113] Accordingly, when the noise cancel control unit
68 is not in operation, the rotational speed threshold de-
termination unit 54 sets "R3" to the rotational speed
threshold Tr. When the noise cancel control unit 68 is in
operation, the difference (10 - 11) is the allowable value
Ti at an engine rotational speed Re equal to "R4". Ac-
cordingly, when the noise cancel control unit 68 is in op-
eration, the rotational speed threshold determination unit
54 corrects the rotational speed threshold Tr to "R4."
[0114] The rotational speed threshold determination
unit 54 estimates respective differences (10 - 1) for dif-
ferent combinations of the engine rotational speed Re
and the speed V, and on the basis of which estimated
values, the rotational speed threshold determination unit
further estimates a rotational speed threshold Tr at which
a sum (10 - I1 + Iv) of the estimated values and the de-
creased magnitude lv is the allowable value Ti.
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(Effect of fourth embodiment)
[0115]

(1) The rotational speed threshold determination unit
54 in fourth embodiment detects a fluctuation factor
which generates a noise other than starter noise oc-
curring upon the engagement of the pinion gear 31
on the engine 2 during inertial rotation with the ring
gear 32 on the motor 8, thereby fluctuating the mag-
nitude of starter noise sensible for the driver of the
vehicle 1. The rotational speed threshold determina-
tion unit 54 corrects the rotational speed threshold
Tr according to the fluctuation factor. Accordingly,
an appropriate rotational speed threshold Tr can be
used according to the occurrence of the fluctuation
factor. For example, when starter noise is difficult to
hear owing to the fluctuation factor, the rotational
speed threshold Tr can be set larger. This makes it
possible to expand more the range of speed V ena-
bling the first inertial traveling. As a result, the fuel
efficiency of the vehicle 1 can be improved.

(2) The rotational speed threshold determination unit
54 corrects the rotational speed threshold Tr accord-
ing to the operation status of the noise reduction de-
vice for reducing background noise in the cabin of
the vehicle 1. Therefore, an appropriate rotational
speed threshold Tr can be used according to the
occurrence of the fluctuation factor.

Reference Signs List

[0116] 1 ... vehicle, 2 ... engine, 2a... rotational speed
sensor, 3 ... drive plate, 4 ... torque converter, 5 ... con-
tinuously variable transmission, 6 ... differential gear, 7a
and 7b ... drive wheel, 7c and 7d ... wheel, 8 ... motor,
9 ... alternator, 10 ... battery, 11 ... lock-up clutch, 12 ...
forward-reverse switching mechanism, 13 ... primary pul-
ley, 14 ... secondary pulley, 15 ... belt, 16 ... oil pump,
17 ... forward clutch, 18 ... reverse brake, 19 ... electric
oil pump, 20 ... engine control unit, 21 ... brake pedal,
22 ... brake switch, 23 ... accelerator pedal, 24 ... accel-
erator pedal opening degree sensor, 25 ... master cylin-
der, 26 ... master cylinder pressure sensor, 27 ... master
back, 28 ... negative pressure sensor, 29a and 29 ...
wheel speed sensor, 31 ... pinion gear, 32 ... ring gear,
33 ... actuator, 40 ... transmission control unit, 41 ... ve-
hicle traveling control device, 50 ... idle stop control unit,
51 ... inertial traveling control unit, 52 ... engine control
unit, 53 ... cranking control unit, 54 ... rotational speed
threshold determination unit, 55 ... noise sensor, 56 ...
rotational direction determination unit, 60 ... sensor, 61 ...
navigation device, 62 ... communication device, 63 ... au-
dio control unit, 64 ... wiper, 65 ... steering wheel, 66 ...
wiper switch, 67 ... vehicle body control unit, 68 ... noise
cancel control unit, 69 ... speaker
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Claims

An engine control method, comprising:

determining an intention of a driver for acceler-
ation during vehicle (1) traveling;

stopping fuel supply to an engine (2) when it is
determined that the driver does not have the in-
tention for acceleration;

detecting a speed of the vehicle (1) during iner-
tial traveling, with fuel supply to the engine (2)
kept stopped;

permitting restart of the engine (2) whenitis de-
termined that the driver has the intention for ac-
celeration after stopping the fuel supply to the
engine (2);

prohibiting the restart of the engine (2) until an
engine rotational speed drops to or below a pre-
determined rotational speed threshold, even
when the restart of the engine (2) is permitted;
restarting the engine (2) after the engine rota-
tional speed drops to or below the predeter-
mined rotational speed threshold;

and changing the rotational speed threshold de-
pending on the detected vehicle speed, char-
acterized by

determining whether the engine (2) is in forward
rotation or reverse rotation;

permitting the restart of the engine when the en-
gine rotational speed of the engine (2) during
forward rotation is equal to or less than a first
rotational speed threshold differing depending
on the detected vehicle speed; and

permitting the restart of the engine (2) when the
engine rotational speed of the engine during re-
verse rotation is equal to or less than a second
rotational speed threshold differing depending
on the detected vehicle speed,

wherein the rotational speed threshold increas-
es with increase in the detected vehicle speed.

The engine control method according to claim 1,
wherein when the detected vehicle speed is equal
to or higher than a predetermined speed threshold,
the predetermined rotational speed threshold is set
to be a maximum value allowable for a cranking
mechanism (31, 32) of the engine (2), and when the
detected vehicle speed is lower than the predeter-
mined speed threshold, the predetermined rotational
speed threshold is limited to a value smaller than the
maximum value.

The engine control method according to claim 1 or
2, wherein the first rotational speed threshold is larg-
er than the second rotational speed threshold when
the vehicle speed detected during the forward rota-
tion of the engine (2) is the same as the vehicle speed
detected during the reverse rotation of the engine (2).
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4. The engine control method according to any one of

claims 1 to 3, comprising:

detecting a factor generating a noise other than
a noise occurring upon engagement of a first
gear (32) on the engine (2) during inertial rota-
tion with a second gear (31) on a motor (8) for
starting the engine (2); and

correcting the rotational speed threshold ac-
cording to the detected factor.

A vehicle traveling control device configured to make
a vehicle (1) travel by inertia with fuel supply to an
engine (2) kept stopped during traveling of the vehi-
cle (1), the vehicle traveling control device compris-

ing:

an engine rotational speed detection device (2a)
configured to detect an engine rotational speed;
an accelerator depression degree detection de-
vice (24) configured to detect degree of an ac-
celerator depressed by a driver;

a motor (8) configured to start the engine (2)
from a stopped status;

a fuel injection device (2b) configured to adjust
fuel to be supplied to the engine (2); and

a control device (51) configured to control the
motor (8) and the fuel injection device (2b); and
a sensor (29a to 29b) configured to detect a
speed of the vehicle (1) traveling by inertia,
wherein when no accelerator depression degree
is detected, the control device (51) stops fuel
supply to the engine (2), and when the acceler-
ator is depressed after stopping the fuel supply
to the engine (2), the control device (51) prohib-
its the engine (2) to be restarted until the engine
rotational speed drops to or below a predeter-
mined rotational speed threshold, and then, re-
starts the engine (2) with aid of the motor (8)
after the engine rotational speed drops to or be-
low the predetermined rotational speed thresh-
old,

wherein the control device (51) changes the ro-
tational speed threshold depending on the de-
tected vehicle speed,

wherein the rotational speed threshold increas-
es with increase in the detected vehicle speed,
and

characterized in that the control device (51) is
configured to:

determine whether the engine (2) is in for-
ward rotation or reverse rotation;

permit the restart of the engine when the
engine rotational speed of the engine (2)
during forward rotation is equal to or less
than a first rotational speed threshold differ-
ing depending on the detected vehicle
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speed; and

permit the restart of the engine (2) when the
engine rotational speed of the engine during
reverse rotation is equal to or less than a
second rotational speed threshold differing
depending on the detected vehicle speed.

Patentanspriiche

Motorsteuerungsverfahren, umfassend:

Ermitteln einer Absicht eines Fahrers, eine Be-
schleunigung wahrend der Fahrt eines Fahr-
zeugs (1) vorzunehmen;

Unterbrechen der Kraftstoffzufuhr zu einem Mo-
tor (2), wenn ermittelt wird, dass der Fahrer nicht
beabsichtigt, eine Beschleunigung vorzuneh-
men;

Erfassen einer Geschwindigkeit des Fahrzeugs
(1) wahrend eines Leerlaufs, wobei die Kraft-
stoffzufuhr zu dem Motor (2) unterbrochen
bleibt;

Erlauben eines Neustarts des Motors (2), wenn
ermittelt wird, dass der Fahrer die Absicht hat,
nach der Unterbrechung der Kraftstoffzufuhr zu
dem Motor (2) eine Beschleunigung vorzuneh-
men;

Unterbinden des Neustarts des Motors (2) bis
eine Motordrehzahl auf oder unter einen vorbe-
stimmten Drehzahlschwellenwert fallt, selbst
wenn der Neustart des Motors (2) erlaubt wor-
den ist;

Neustarten des Motors (2) nachdem die Motor-
drehzahl auf oder unter den vorbestimmten
Drehzahlschwellenwert gefallen ist; und
Andern des Drehzahlschwellenwerts in Abhan-
gigkeit von der erfassten Fahrzeuggeschwin-
digkeit,

gekennzeichnet durch

Ermitteln, ob der Motor (2) sich in Vorwartsdre-
hung oder Rickwartsdrehung befindet;
Erlauben des Neustarts des Motors, wenn die
Motordrehzahl des Motors (2) wahrend der Vor-
wartsdrehung einem ersten Drehzahlschwel-
lenwert entspricht oder darunter liegt in Abhan-
gigkeit von der erfassten Fahrzeuggeschwin-
digkeit; und

Erlauben des Neustarts des Motors (2), wenn
die Motordrehzahl des Motors wahrend der
Ruckwartsdrehung einem zweiten Drehzahl-
schwellenwert entspricht oder darunter liegt in
Abhangigkeit von der erfassten Fahrzeugge-
schwindigkeit,

wobei sich der Drehzahlschwellenwert mit stei-
gender erfasster Fahrzeuggeschwindigkeit er-
hoht.
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2,

Motorsteuerungsverfahren gemafy Anspruch 1, wo-
bei, wenn die erfasste Fahrzeuggeschwindigkeit ei-
nem vorbestimmten Geschwindigkeitsschwellen-
wert entspricht oder dariber liegt, der vorbestimmte
Drehzahlschwellenwert auf einen fir einen Kurbel-
mechanismus (31, 32) des Motors (2) zulassigen
Maximalwert eingestellt wird und, wenn die erfasste
Fahrzeuggeschwindigkeit unter dem vorbestimmten
Geschwindigkeitsschwellenwert liegt, der vorbe-
stimmte Drehzahlschwellenwert auf einen Wert be-
schrankt wird, der unter dem Maximalwert liegt.

Motorsteuerungsverfahren gemaf Anspruch 1 oder
2, wobei der erste Drehzahlschwellenwert hdher als
der zweite Drehzahlschwellenwert ist, wenn die
wahrend der Vorwartsdrehung des Motors (2) er-
fasste Fahrzeuggeschwindigkeit gleich der wahrend
der Ruckwartsdrehung des Motors (2) erfassten
Fahrzeuggeschwindigkeit ist.

Motorsteuerungsverfahren gemafl einem der An-
spriche 1 bis 3, umfassend:

Erfassen eines Faktors, der ein Gerausch er-
zeugt, das von dem Gerausch abweicht, das bei
einem Eingriff eines ersten Zahnrads (32) an
dem Motor (2) wahrend des Leerlaufs in ein
zweites Zahnrad (31) an einem Elektromotor (8)
zum Starten des Motors (22) entsteht;

und

Korrigieren des Drehzahlschwellenwertes ent-
sprechend dem erfassten Faktor.

Fahrzeugfahrsteuerungsvorrichtung, die dazu aus-
gebildet ist, ein Fahrzeug (1) zu veranlassen, im
Leerlauf zu fahren, wobei die Kraftstoffzufuhr zu ei-
nem Motor (2) wahrend der Fahrt des Fahrzeugs (1)
unterbrochen bleibt, wobei die Fahrzeugfahrsteue-
rungsvorrichtung umfasst:

eine Motordrehzahlerfassungseinrichtung (2a)
zum Erfassen einer Motordrehzahl;

eine Gaspedalniederdriickgraderfassungsein-
richtung (24) zum Erfassen des Niederdriickgra-
des eines von einem Fahrer gedriickten Gaspe-
dals;

einen Elektromotor (8) zum Starten des Motors
(2) aus einem Stopp-Zustand;

eine Kraftstoffeinspritzvorrichtung (2b) zum Ein-
stellen von dem Motor (2) zuzufiihrendem Kraft-
stoff; und

eine Steuerungsvorrichtung (51) zur Steuerung
des Elektromotors (8) und der Kraftstoffein-
spritzvorrichtung (2b); und

einen Sensor (29a bis 29b) zum Erfassen einer
Geschwindigkeit eines im Leerlauf fahrenden
Fahrzeugs (1),

wobei, wenn kein Gaspedalniederdriickgrad er-
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fasst wird, die Steuerungseinrichtung (51) die
Kraftstoffzufuhr zu dem Motor (2) stoppt, und,
wenn das Gaspedal nach der Unterbrechung
der Kraftstoffzufuhr zu dem Motor (2) niederge-
driickt wird, die Steuerungsvorrichtung (51) ei-
nen Neustart des Motors (2) solange unterbin-
det, bis die Motordrehzahl auf oder unter einen
vorbestimmten Drehzahlschwellenwert fallt,
und den Motor (2) dann mit Hilfe des Elektromo-
tors (8) neustartet, nachdem die Motordrehzahl
auf oder unter den vorbestimmten Drehzahl-
schwellenwert fallt, wobei die Steuerungsvor-
richtung (51) den Drehzahlschwellenwert in Ab-
hangigkeit von der erfassten Fahrzeugge-
schwindigkeit &ndert,

wobei sich der Drehzahlschwellenwert mit stei-
gender erfasster Fahrzeuggeschwindigkeit er-
hoht, und

dadurch gekennzeichnet ist, dass

die Steuerungsvorrichtung (51) dazu ausgebil-
det ist:

zu ermitteln, ob der Motor (2) sich in Vor-
wartsdrehung oder Rickwartsdrehung be-
findet;

den Neustart des Motors zu erlauben, wenn
die Motordrehzahl des Motors (2) wahrend
der Vorwartsdrehung einem ersten Dreh-
zahlschwellenwert entspricht oder darunter
liegt in Abhangigkeit von der erfassten
Fahrzeuggeschwindigkeit; und

den Neustart des Motors (2) zu erlauben,
wenn die Motordrehzahl des Motors wah-
rend der Riickwartsdrehung einem zweiten
Drehzahlschwellenwert entspricht oder
darunter liegt in Abhangigkeit von der er-
fassten Fahrzeuggeschwindigkeit.

Revendications

Procédé de commande de moteur, comprenant :

la détermination d’une intention d’'un conducteur
d’accélérer au cours du déplacement du véhi-
cule (1) ;

I'arrét de I'alimentation du moteur (2) en carbu-
rant lorsqu’il est déterminé que le conducteur
n’a pas l'intention d’accélérer ;

la détection d’'une vitesse du véhicule (1) pen-
dant le déplacement inertiel, I'alimentation du
moteur (2) en carburant demeurant arrétée ;
l'autorisation du redémarrage du moteur (2)
lorsqu’il est déterminé que le conducteur a I'in-
tention d’accélérer aprésl'arrétde I'alimentation
du moteur (2) en carburant ;

l'interdiction du redémarrage du moteur (2) jus-
qu’'a ce qu’une vitesse de rotation du moteur
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descende a, ou sous, un seuil de vitesse de ro-
tation prédéterminé, méme lorsque le redémar-
rage du moteur (2) est autorisé ;

le redémarrage du moteur (2) aprés que la vi-
tesse de rotation du moteur est descendue 3,
ou sous, le seuil de vitesse de rotation
prédéterminé ; et

la modification du seuil de vitesse de rotation en
fonction de la vitesse détectée du véhicule,
caractérisé par la détermination que le moteur
(2) tourne en marche avant ou en marche
arriére ;

I'autorisation du redémarrage du moteurlorsque
la vitesse de rotation du moteur (2) pendant qu’il
tourne en marche avant est égale ou inférieure
a un premier seuil de vitesse de rotation qui dif-
fére en fonction de la vitesse détectée du
véhicule ; et

I'autorisation du redémarrage du moteur (2)
lorsque la vitesse de rotation du moteur pendant
qu’il tourne en marche arriére est égale ou infé-
rieure a un second seuil de vitesse de rotation
qui différe en fonction de la vitesse détectée du
véhicule,

dans lequel le seuil de vitesse de rotation aug-
mente avec 'augmentation de la vitesse détec-
tée du véhicule.

Procédé de commande de moteur selon la revendi-
cation 1, dans lequel, lorsque la vitesse détectée du
véhicule est égale ou supérieure a un seuil de vitesse
prédéterminé, le seuil de vitesse de rotation prédé-
terminé est fixé de maniére a étre une valeur maxi-
mum admissible pour un mécanisme de démarreur
(31, 32) du moteur (2), et lorsque la vitesse détectée
du véhicule est inférieure au seuil de vitesse prédé-
terminé, le seuil de vitesse de rotation prédéterminé
est limité a une valeur inférieure a la valeur maxi-
mum.

Procédé de commande de moteur selon la revendi-
cation 1 ou 2, dans lequel le premier seuil de vitesse
de rotation est supérieur au second seuil de vitesse
de rotation lorsque la vitesse détectée du véhicule
pendant que le moteur (2) tourne en marche avant
estlaméme que la vitesse détectée du véhicule pen-
dant que le moteur (2) tourne en marche arriére.

Procédé de commande de moteur selon I'une quel-
conque des revendications 1 a 3, comprenant :

la détection d’un facteur générant un bruit autre
qu’un bruit qui se produit au moment de I'enga-
gement d’'une premiére vitesse (32) sur le mo-
teur (2) pendant la rotation inertielle avec une
deuxieme vitesse (31) sur un moteur électrique
(8) pour démarrer le moteur (2) ; et

la correction du seuil de vitesse de rotation en
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fonction du facteur détecté.

Procédé de commande de moteur configuré pour
qu’un véhicule (1) se déplace par inertie avec une
alimentation en carburant du moteur (2) qui est main-
tenue arrétée pendant le déplacement du véhicule
(1), le dispositif de commande de déplacement du
véhicule comprenant :

un dispositif de détection de la vitesse de rota-
tion du moteur (2a) configuré pour détecter une
vitesse de rotation du moteur ;

un dispositif de détection du degré d’enfonce-
ment de I'accélérateur (24) configuré pour dé-
tecter le degré d’enfoncement d’'un accélérateur
par un conducteur ;

un moteur électrique (8) configuré pour démar-
rer le moteur (2) alors qu’il est a l'arrét ;

un dispositif d’injection de carburant (2b) confi-
guré pour régler la quantité de carburant qui doit
alimenter le moteur (2) ; et

un dispositif de commande (51) configuré pour
commander le moteur électrique (8) et le dispo-
sitif d’injection de carburant (2b) ; et

un capteur (29a a 29b) configuré pour détecter
une vitesse du véhicule (1) qui se déplace par
inertie,

dans lequel, lorsqu’aucun degré d’enfoncement
de l'accélérateur n’est détecté, le dispositif de
commande (51) arréte I'alimentation du moteur
(2) en carburant, et lorsque 'accélérateur est
enfoncé aprés'arrét de I'alimentation du moteur
(2) en carburant, le dispositif de commande (51)
empéche que le moteur (2) soit redémarré jus-
qu’ace que lavitesse de rotation du moteur des-
cende a, ou en dessous d’un seuil de vitesse de
rotation prédéterminé, puis redémarre le moteur
(2) avec l'aide du moteur électrique (8), aprés
que la vitesse de rotation du moteur soit des-
cendue a, ou sous le seuil de vitesse de rotation
prédéterminé,

dans lequel le dispositif de commande (51) mo-
difie le seuil de vitesse de rotation en fonction
de la vitesse détectée du véhicule,

dans lequel le seuil de vitesse de rotation aug-
mente avec 'augmentation de la vitesse détec-
tée du véhicule, et

caractérisé en ce que le dispositif de comman-
de (51) est configuré pour :

déterminer si le moteur (2) tourne en mar-
che avant ou en marche arriére ;

autoriser le redémarrage du moteur lorsque
la vitesse de rotation du moteur (2), pendant
qu’il tourne en marche avant est égale ou
inférieure a un premier seuil de vitesse de
rotation qui différe en fonction de la vitesse
détectée du véhicule ; et

10

15

20

25

30

35

40

45

50

55

16

30

autoriser le redémarrage du moteur (2) lors-
que la vitesse de rotation du moteur, pen-
dantqu’iltourne en marche arriére est égale
ou inférieure a un second seuil de vitesse
de rotation qui differe en fonction de la vi-
tesse détectée du véhicule.
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